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Abstract

Increase of climate variability due to climate change has paved the way for regional drought monitoring and outlook.
In particular, Gimcheon—si, Gyeongsangbuk—do, is suffering from frequent and periodic drought damage as the
frequency and magnitude of drought are increasing due to climate change. For this reason, it is necessary to analyze
drought characteristics for sub—districts based on water district and calculate the basic low—flow considering climate
change. In this study, meteorological and hydrological drought outlook were carried out for 8 sub—districts considering
the water supply system and regional characteristics of Gimcheon—si according to various climate change scenarios.
In addition, the low—flow frequency analysis for the near future was also performed using the total amount of
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runoff and the low—flow. The overall results indicated that, meteorological droughts were found to be dangerous
in the S0(1974~2019) period and hydrological droughts would be dangerous in the $2(2041~2070) period for
RCP 4.5 and in S3(2071~2099) period for RCP 8.5. The results of low—flow frequency analysis indicated that
future runoff would increase but drought magnitude and frequency would increase further. The results and methodology
may be useful for preparing local governments’ drought measures and design standards for local water resources facilities.

Key words : Climate Change, Drought Outlook, Low—Flow Frequency Analysis, Water district
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Fig. 1. Study area
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Table 1. Information of climate change scenarios used in this study

No GCMs Resolution (degree) Institution

1 CanESM2 2.813x2.791 Canadian Centre for Climate Modelling and Analysis

2 CESM1-BGC 1.250x0.942 National Center for Atmospheric Research

3 CMCC-CM 0.750x 0.748 . . o

Centro Euro—Mediterraneo per I Cambiamenti Climatici

4 CMCC-CMS 1.875x 1.865

5 CNRM-CM5 1.406 x 1.401 Centre National de Recherches Meteorologiques

6 GFDL-ESM2G 2.500x2.023 Geophysical Fluid Dynamics Laboratory

7 HadGEM2-AO 1.875x1.250 .

Met Office Hadley Centre

8 HadGEM2-ES 1.875x1.250

9 INM-CM4 2.000 x 1.500 Institute for Numerical Mathematics

10 IPSL-CM5A-LR 3.750x 1.895 Institut Pierre—Simon Laplace

11 [PSL-CM5A-MR 2.500x1.268 Institut Pierre-Simon Laplace

12 MRI-CGCM3 1.125x 1.122 Meteorological Research Institute

13 NorESM1-M 2.500x1.895 Norwegian Climate Centre

Journal of Wetlands Research, Vol. 23, No. 1, 2021



18 7|ZHsE AlLt2|20] T2

APl wet A% Ao R FHst] 77 4 Utk 5,
o WE Azow sl ATl AT A A
ADE A4, o2 FrhE B4R el g Yol
WE o Wi 5 AALL NS A%ANME A
Age]l 7AW, o AAde LIz BAst] A4 &
FHEYS QS o2 ol§ste] 247 wIlEES 4
A T, BEATEEN HEAA SPIE APPeTE Qb
o W Bt ARAES U] S8 MY Az
HHE AHEstal o™ (Park et al., 2014), SPI9] 7Ha5&
8 B8 J]ES Table 29} 2.

3.2 SIS A
W1 i A3l o4 LAY $AY 33 232

14 shgolet gt 53]

o
X

= oty

o] &7 RES ou|jity, +wotd 7tee quﬂa o
= HB7xHQ 7teAeE sPd47E A4 (SDDeF hm o
54 7} A 4= (Parlmer Hydrological Drought Index) —}:7
o] Ut} 7h=o] Ak, A&7ITH Wk B FIHEIEL Ao
o TAE 7IEAESt Hxo AR dedlots HdS

53] Nalbantis and Tsakiris (2009)= SDIE A|etsl$ o
H, 4 StAFHFeR £EY Jtae EARE 2 A&
7170& AT 4 St} SDI= Eq. 1~48F Zo] A4ts
o, 9 7 Q0 FAY% V& &85t Eq. 39 s

.
Vu:ZlQH i=1,2,5=1,2,-,12,k=1,2,---,12 (1)
J=

o7|A, V= iR dmollA k717t B FAS 47
FolH, ol& olgate] 54 iWA Axol k 7|7t tigh
SDIE AHdg 4= 9lth.

v,

SDf, = —"—L (i=1,2,,k=12) )

oA7|A, V, 9} s, = 212} shsere] o Wit ot 2R
HAE UEH, dASE v,

2o RO s A=
AtstA| o] SRRz ol
TERze] Agstzs HEs|oF ?}E‘r(Yeh et al.
Kim and Chung, 2018). Eq. 2¢] ol A= SDI% 29
T R qErg oz HEstH, 2F SDIE Eq. 33 &
o] A& & 9k Eq. 3~49] y= f3F] AARTE FHH
Zrolrt.

[\
(@]
—_
w

SDJ,;,L;@ (i=1,2, k=12) 3)
Y,k

e k=12) 4)

SEEAIEE A233 A=, 2021

Table 3. Drought Classification by SDI
Range of SDI

Moisture Condition

More than 0.00 Normal
-0.99 ~ 0.00 Normal Dry
-1.49 ~ -1.00 Moderate Dry
-1.99 ~ -1.50 Severely Dry

Less than —2.00 Extremely Dry
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Table 4. Low—flow frequency analysis from 1976 to the representative year (unit: 10*cms )

Year 2019 2020 2025 2030 2035 2040
District RCP 4.5 | RCP 8.5 |RCP 4.5|RCP 85|RCP 4.5|RCP 8.5|RCP 45| RCP 85| RCP 4.5 |RCP 85| RCP 4.5|RCP 8.5
1 90.4 90.2 90.0 89.9 89.1 89.4 88.0 89.0 87.1 89.0 88.2 88.4
2 143.4 142.3 142.8 142.5 143.4 141.6 138.8 140.4 138.1 138.8 141.0 141.5
3 161.0 160.8 160.3 160.1 158.8 159.3 156.7 158.6 155.2 158.6 157.1 157.5
4 149.9 151.1 149.6 150.9 148.4 150.1 146.8 150.6 146.8 150.1 149.8 150.2
5 340.0 339.5 338.4 338.1 335.3 336.5 331.0 335.0 327.7 335.0 331.6 332.5
6 127.5 126.4 126.9 126.2 127.4 124.8 123.9 124.9 124.4 123.9 126.1 123.7
7 430.7 430.1 428.7 428.3 424.8 426.2 419.3 4244 415.1 4244 420.1 421.3
8 236.6 236.2 235.5 235.2 233.3 234.1 230.3 233.1 228.0 233.1 230.8 231.4
Table 5. Low—flow frequency analysis using data for 30 years (unit: 10 %cms)
Year| 2019 2020 2025 2030 2035 2040
District RCP 4.5 RCP 85 |RCP 4.5|RCP 85| RCP 4.5 |RCP 8.5|RCP 4.5|RCP 85| RCP 4.5|RCP 85| RCP 4.5|RCP 8.5
1 85.8 86.2 85.1 86.8 84.8 86.5 83.9 86.4 81.2 82.3 81.4 83.7
2 135.4 138.1 136.1 137.0 135.7 136.7 132.6 137.3 127.3 130.5 128.1 131.6
3 152.9 153.6 151.6 154.6 151.1 154.2 149.4 153.9 144.8 146.7 145.0 149.1
4 144.5 147.9 144.5 146.3 142.5 147.6 144.9 151.6 141.0 147.1 145.7 146.9
5 322.9 324.3 320.1 326.4 319.1 325.5 315.5 324.9 305.7 309.7 306.2 314.9
6 120.6 122.9 119.8 121.1 119.7 121.6 117.9 123.1 114.7 116.3 114.3 117.1
7 409.1 410.9 405.5 413.5 404.3 412.4 399.7 411.6 387.2 392.3 387.9 398.9
8 224.7 225.7 222.7 227.1 222.1 226.5 219.5 226.1 212.7 215.5 213.1 219.1
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Table 6. Annual total discharge frequency analysis from 1976 to the representative year (unit: cms)

Year 2019 2020 2025 2030 2035 2040
District RCP 4.5|RCP 85 |RCP 4.5|RCP 85| RCP 4.5 | RCP 8.5| RCP 4.5|RCP 85 |RCP 4.5|RCP 85 |RCP 4.5|RCP 8.5
1 606.7 601.6 601.6 602.8 600.8 600.8 601.8 605.9 601.0 606.2 609.6 609.6
2 955.1 953.8 950.5 952.7 948.6 952.4 951.3 955.6 952.6 957.9 962.6 963.4
3 1,080.9 | 1,071.9 | 1,071.8 | 1,074.0 | 1,070.4 | 1,070.4 | 1,072.2 | 1,079.5 | 1,070.8 | 1,080.0 | 1,086.1 | 1,086.1
4 994.6 1,000.3 | 991.9 998.5 991.9 1,003.1 994.2 1,006.7 | 992.4 1,006.5 | 1,006.6 | 1,009.2
5 2,282.5 | 2,263.6 | 2,263.4 | 2,267.9 | 2,260.5 | 2,260.4 | 2,264.3 | 2,279.6 | 2,261.3 | 2,280.6 | 2,293.6 | 2,293.5
6 852.3 851.8 848.4 849.8 844.2 848.8 847.9 851.5 846.3 854.7 857.9 857.4
7 2,891.6 | 2,867.6 | 2,867.3 | 2,873.1 | 2,863.6 | 2,863.5 | 2,868.4 | 2,887.9 | 2,864.7 | 2,889.1 | 2,905.6 | 2,905.4
8 1,588.2 | 1,575.0 | 1,574.8 | 1,578.0 | 1,572.8 | 1,572.8 | 1,575.5 | 1,586.2 | 1,573.4 | 1,586.8 | 1,595.9 | 1,595.8
Table 7. Annual total discharge frequency analysis using data for 30 years (unit: cms)
Yead 2019 2020 2025 2030 2035 2040

District™_| RCP 4.5 | RCP 8.5 | RCP 4.5 | RCP 8.5 | RCP 4.5 | RCP 8.5 | RCP 4.5| RCP 8.5 | RCP 4.5 | RCP 8.5 | RCP 4.5 | RCP 8.5
1 598.2 | 599.0 | 593.9 | 599.8 | 5847 | 604.6 | 5968 | 6052 | 6123 | 6154 | 6134 | 620.8
2 940.5 | 9440 | 9387 | 9517 | 9260 | 952.6 | 9388 | 9515 | 967.3 | 969.2 | 969.8 | 978.9
3 1,065.8 | 1,067.2 | 1,058.1 | 1,068.6 | 1,041.8 | 1,077.2 | 1,063.3 | 1,078.2 | 1,090.8 | 1,096.5 | 1,092.9 | 1,106.0
4 982.6 | 987.1 | 980.4 | 9855 | 966.0 | 997.3 | 986.2 | 1,006.2 | 1,007.0 | 1,020.8 | 1,015.3 | 1,034.5
5 2,250.7 | 2,253.5 | 2,2344 | 2,256.5 | 2,200.0 | 2,274.8 | 2,245.5 | 2,276.9 | 2,303.5 | 23155 | 2,307.9 | 2,335.7
6 837.8 | 841.1 | 834.6 | 848.1 | 8273 | 849.6 | 836.6 | 847.7 | 856.6 | 864.5 | 8656 | 878.0
7 2,851.3 | 2,854.8 | 2,830.6 | 2,858.6 | 2,787.0 | 2,881.7 | 2,844.6 | 2,884.5 | 2,918.2 | 2,933.4 | 2,923.7 | 2,958.9
8 1,566.1 |135,341.1| 1,554.7 |135,654.9| 1,530.7 |136,751.5] 1,562.4 |136,880.0| 1,602.8 |139,202.4| 1,605.8 |140,412.6
HH RCP 4.59] 744 tiF22] Aol 71=gds32 A% 7heel B A5 ST Zojv, 1 A7t Ad o=
Zropx|et7t 2040d] oFzt FrFskglet. RCP 8.59] 734 AgEct. ook {AFSHA Yoon et al. (2014914 F5d &
ol
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